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#1 目的地ノードを設定
#3.4追加型・吸収型の評価値計算
#3 未接続ノードの中で最も目的地に近いノードに
対して，接続先のノードと接続型を決定
k = 1
#3.3目的地から ｋ番目に近いノードへ接続
#3.6 評価値が最も低い接続先，接続型で接続
終了
#4 全てのノードが接続されたか？
#3.5
k > 既に接続されているノード数
#3.2追加型の評価値計算
#3.1目的地に直接接続
#2 目的地と最も近いノードを接続
k = k + 1
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#3 路線Lkにバス停の追加・削除
#1 利⽤者の経路選択
#2 路線の収益計算
降順にソート
k = 0;
終了
#5 k = k + 1
k > Nord Num ?
#4 追加・削除が⾏われたか
Yes
Yes
No
No
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Line C
Line A Line B
路線リンクの拡張
Line Link （乗車時間）
Boarding Arc （待ち時間＋乗り換え時間）
Alighhting Arc （降車時間は０）
Line B
Line C
Line A
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停留所の削除
路線の端に追加
路線の中間に追加
(g)(f)
(e)(d)(c)
(b)(a)
? 3.8 ??????
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
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? 3.11 ?????????????
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Step1 ?????????????
???????????????????????????????????????
???????????????????????????????????? 3.10
??????????????????????????????? A,B,C????
?????????
Step2 ?????????????
Step 1????????????????????2.2??????????????
????????????????? 3.11???????????????????
?????
Step3 ??????
Step2????????? Step 1??????????2.3????????????
??????????
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4.1 ??
Partha???????????????? (Genetic Algorithm[7] ??? GA)?????
???????????? Partha?? [5] ???GA?????????????????
??????????????????????????????????????????
?????????????????? (1)??????????????????????
??? Inter-string crossover? (2)?????????????????????????
Intra-string crossover????????????????????????????????
???????????????????????
????????????? Partha ????????4.2 ?????????? (4.3 ???
???4.4????????4.5????????????
4.2 ????
????????? 4.1??????????????????????????????
??????????? 4.1????????? nij ??? ID? i???? j ??????
ID????????????????????????????????????????
????????????????????????????????
4.3 ???????
???????????????????????????????????GA????
???????????????????????????????????? 4.2????
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? 4.2 ???????????????
4.3.1 ????????
????????????????????
Step1: ????? activity level ???? activity level ???????????????
???????????????????????????????activity level ?
?????????????
i = A(i) + P(i) (4.1)
????i???? ID????A(i),P(i)????????????????????
????? i??????????????????????
Step2: activity level??????? K????K???????
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Step3: Step2?????????????????????? p???
??? i????? p(I)i ??????????????
p
(I )
i =
iP
j j
(4.2)
Step4: Step3???????? p(I)i ????????????
4.3.2 ????????
?????????????????????????????????????????
???????previous node(PN)????????????????????? PS???
???????
Step1: PS ?????? (Vicinity Node Set(VNS)) ?????????????????
?? VNS????????
1. PN??????????????????
2. ?????????????
Step2: VNS???????????????? p?????? i????? p(N)i ????
??????????
p
(N )
i =
diiP
j djj
(4.3)
????di ???????? i?????????????????activity level ?
??????????????????????? (??)?????????????
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? 4.3 PN? VNS
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Step3: Step2???????? p(N)i ????????????
4.3.3 ?????????
?????????????????????????????????????????
?????
1. ?????????????M??
2. ????????? L??
3. VNS??
4.4 ??
Partha???????????????????? (1)Inter-string crossover? (2)Intra-
string crossover????????????????????????????
4.4.1 Inter-string crossover
? Inter-string crossover ? 2 ?? (???) ?????????????? 1 ????
????? 4.4 ????????????????????? (1,2,3,4) ???????
?? (A,B,C,D) ?????????????????? (A,2,3,D) ??????????
(1,B,C,4) ???????????????????????????? 4.5 ???????
???????????????????????????????(1)?????????
????????????? (? 4.5(?))? (2)????????????????????
????????? (? 4.5(?))???????????? Partha???????????
?????????????????
4.4.2 Intra-string crossover
Inter-string crossover? 1??????????????? 2????????????
????????????????? 4.6??????????Route A? B??????
???????????????Intra-string crossover?? Inter-string crossover????
??????????????????????
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 
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? 4.4 Inter-string crossover
? 4.5 ????????????




? 4.6 Intra-string crossover
4.5 ????
?????? (1)?????????????????? (2)?????????????
?????????????????????????? 4.7????
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? 4.7 ????????????????????????????????????
4.6 ????????
Partha??????????????? 4.8?????? t????? Pt???????
? N ?????Partha???????4.3?????????????? N ???????
???? P0 ???? (# 1)????????????????????????????
????????????? (# 2)?????4.4 ????? Inter-string crossover ???
P0 ?? N=2 ????????? P1 ????? (# 3)????4.5 ????? Intar-string
crossover ? P1 ????????????????? N ? P1 ????? (# 4)?????
4.6????????????????# 3?5???????????????
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? 4.8 ??????????
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? 5?
????????????????
?????????
5.1 ??
3.4??????????????????????????????????? 4???
??? Partha???????????????????????????????????
???????????????????????????????????????? (?
????????????) ???? ????????????????????????
??????????????????????????????????????????
??????????????????????? NSGA-II?Appendix1????????
????????????????????? (??????????????????)?
???????????????? (?????)???????????????????
??????????????????????????????????????????
??????????????Partha????????????????????????
??????????????????????????????????????????
???????????????????????????????????
????????????????????????????????????? (???
?)????????????????????????????????????????
???????????????????????????????????????? 5.1
?????????????? 5.2??????????????????????????
??????????????????????????????????????????
??????????????????????????????????????????
??????????????????????????????????????????
???????????????
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? 5.2 ??????????
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5.2 ???????
?????????????????????????????????????????
??????????????????????????????????????????
??????????????????????????????????????????
??????????????????????????????????????????
??????
???????????????????????????
Z =
X
Si 6=Sj
TSi;SjDSi;Sj + !1
X
Lk
BLk (5.1)
? 5.1????????????????????????????? !1 ????????
??????????????????????????????? !1 ??????????
??????????????????????????????????????????
??????????????????????????? !1 ???? !interval ????
??????
!interval =
!upper   !lower
P
(5.2)
????!upper?!lower?P ?????????????? !1 ?????!1 ???????
???????????? 5.3? !1 ???????????????????????  ?
??????????????????????????????????????????
???!1 ?????????????????????????????????????
????

? 5.3 !1 ????????????
5.3 ?????
?????????????????????????????????????????
??????????????????????????????????????????
? 5? ????????????????????????? 25
????
5.3.1 ???????
????????????????????????? (1) ???? Z ????????
??????????????????????? Partha???????????????
??????????????????????????????????????????
??????????????????????????????????????????
???????????????????????????????????????
5.3.2 ?????????????????
?????????????????????????????????????????
?Appendix2??????????????????????????????????-??
??????????????????????????????????????????
??????????????????????????????????
 ???????????????? ID
 ????????????????? ID?????
? 5.4???????????????????????????????????????
?????????????? 1,3,4,5???????? 3???????????????
??? 13*45 ????????????????????? 1,2,3,4,5 ???????? 2,4
?????????????????? 12*34*5 ?????????? 5.5 ???????
????????? 5.4?????????????????????????????4?
???
     
     


? 5.4 ???????????
5.4 ???
???? NSGA-II?????????????Appendix1?????
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? 5.5 ???????
5.5 ??
?????????????????????????????????????????
? Simillar-string crossover??????????? 4????? Intra-string crossover?
?????Similar-string crossover? Inter-string crossover??????????????
??????????????????????????????????????????
??????????????????????????????????????????
???
????????????????????????????????????????
1?? 2??????
Step1: ??????? Lchange ????????
??? Lchange ??????? 2??????????????????????? 1
????? 6?? 2????? 4??? Lchange ????? 4?
Step2: ???????? 1?????????
Step3: ??????????????????? (5.5.1?)
Step4: ??????? (5.5.2?)
???????????????????????????????????????
???
Step5: Lchange ?????Step2,3,4?????
???????????????????????????
? 5? ????????????????????????? 27
Similar-string crossover??????? 5.6???????? 1?4?????? 1??? 5
?8 ?????? 2 ???????????? 2 ??? 6 ??????????? (1)?(3)
?????????????????????????????????????? 5.5.1?
? 5.5.2???????
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? 5.6 Similar-string crossover???
5.5.1 ??????????????
????????????????????????????????????????
?????????????????????????????? 5.7??????????
?????????? ID??????????????????????????????
??????????? ID??????????????? 5.8????????????
????????????=3????
5.5.2 ?????????
????????????????????????????????????????
 ????
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? 5.8 ?????????
????????????????
 ????????
2??????????????????????????????????
 ???????
?????????????????????? i???? pi ??????????
??????? di ???????????????
pi =
1=diP
j 1=dj
(5.3)
5.6 ????
????????????????????(1)???????????????????
??????????? (2) ?????????????????????????????
???
5.7 ????????
? 5.9 ????????????????????????????????????
????? Pt ? Similar-string crossover ?????????????????? Qt?
Intra-string crossover?????????????????? Rt ???????????
??????????? t ??????? Pt ?? Similar-string crossover??????Pt
???? N ?????? N=2?????????? Qt ?????????Pt ? Qt ???
?????? Intra-string crossover??????N=2?????? Rt ????????Pt
? Qt ? Rt ??????? St ?????????????? 2N ??????? St ???
?? N ????????Pt+1 ???????????????? 1???????????
????????????1?????????
Step 1 ?????????????? St = Pt + Qt + Rt ??????St ???????
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??????????????????????????????Fi; i = 1; 2; :; etc:
Step 2 ????? Pt+1 = ?????? i = 1????jPt+1j+ jFij < N ???????
Pt+1 = Pt+1 [ Fi ? i = i+ 1????
Step 3 ???????Crowding-sort???????????????????N   jPt+1j
?? Pt+1 ?????
Step 4 Pt+1 ??????????????????????????????????
Qt+1; Rt+1; St+1 ?????Step1????
St
QtF3
F4
F2
2N
F1
F5
N/2
Pt
St+1 = Pt + Qt + Rt
3N/2
Rt
Qt
Pt

	
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


		

	
F1
N
Pt = 
N/2
S0
2N
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? 5.9 ????????
30
? 6?
????????
6.1 Mandl?????????????
???????????????????Mandl????????? [15]???????
??????????????????????????????????????? 6.1?
?????????????????????????????????????????
???????? ID ????????????????????????????????
???????????? 6.1????????????????????????????
????????? OD??????????? ST??????????????????
?????????? ST5?ST1??????????????? ST13?ST14?????
??????????
6.2 ?????
7 ??????????????? Mandl ????????????????????
???????????????????????????? 7 ?? Partha ?????
Inter-string crossover???????? Similar-string croosver???????????8?
? Similar-string crossover?????????????????????????????
???7?8?????????????????? Partha???????????????
????
? 6? ???????? 31
? 6.1 ????????
? 6.1 ????????? OD?
ST 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14
0 0 400 200 60 80 150 75 75 30 160 30 25 35 10 10
1 400 0 50 120 20 180 90 90 15 130 20 10 10 5 10
2 200 50 0 40 60 180 90 90 15 45 20 10 10 5 10
3 60 120 40 0 50 100 50 50 15 240 40 25 10 5 10
4 80 20 60 50 0 50 25 25 10 120 20 15 5 10 10
5 150 180 180 100 50 0 100 100 30 880 60 15 15 10 10
6 75 90 90 50 25 100 0 50 15 440 35 10 10 5 10
7 75 90 90 50 25 100 50 0 15 440 35 10 10 5 10
8 30 15 15 15 10 30 15 15 0 140 20 5 10 10 10
9 160 130 45 240 120 880 440 440 140 0 600 250 500 200 10
10 30 20 20 40 20 60 35 35 20 600 0 75 95 15 10
11 25 10 10 25 15 15 10 10 5 250 75 0 70 10 10
12 35 10 10 10 5 15 10 10 10 500 95 70 0 45 10
13 10 5 5 5 10 10 5 5 10 200 15 10 45 0 10
14 10 10 10 10 10 10 10 10 10 10 10 10 10 10 0
32
? 7?
??????????
7.1 ??
?????????????? Similar-string crossover ? Inter-string crossover ???
??Similar-string crossover?????????????Similar-string crossover????
?????????????????????????????
7.2 ????
6?????? Mandl??????????????????????????????
?????????????????????????????????????????
(??????)???????????????????????????????????
????????????????????????????? (??? 5-7?)??????
??????????????????
7.3 ????????
???????????? 7.4?? 7.4 ????????????????? Inter-string
crossover??????????? Similar-string crossover???????????????
?? Similar-string crossover????? Inter-string crossover?????????????
1??Similar-string crossover????? Inter-string crossover?? Intra-string crossover?
??????????? 2? 2????????????????????????????
????????????????????????????????????? 3????
????????
? 7? ?????????? 33
? 7.1 ??? 1
??? ???? ???? Intra-string crossover Mutation
1-1 Inter-string crossover -  
1-2 Similar-string crossover ????  
1-3 Similar-string crossover ????????  
1-4 Similar-string crossover ???????  
? 7.2 ??? 2
??? ???? ???? Intra-string crossover Mutation
2-1 Inter-string crossover - ? ?
2-2 Similar-string crossover ???? ? ?
2-3 Similar-string crossover ???????? ? ?
2-4 Similar-string crossover ??????? ? ?
? 7.3 ?????
???? 100
????? 100
w1 0.7
??? 1.0
????? 0.05
7.4 ?????
????????? 7.4???????????????????????? 100? 100?
????????????????
7.5 ????
?????????????????????????????????????????
???????? (HV) ??????HV?????? Appendix1???????????
? 7? ?????????? 34
? 7.4 ?????????????????????
????????? [h] ?????? ????????
?????? 324 77 -
???????????? 626 77 220
????HV??????????????????????
7.6 ??
? 7.1 ?????????? 7.2 ?????????????????????????
7.2???????????????????? 7.6??????????????????
?????????????????????
? 7.3?? 7.4???? 1? 2???????? HV????????????? HV??
????????????? 20???????????????????????????
??? HV ????????????????????????????????????
???????????????? 1??????????????????? 2?????
???????????????????? HV???????
???? 7.5???? 1????????????? (????)???????????
???????? 7.6???? 2????????????? (?????????????)
????????????????????????????????? Z????????
?????????????????? 1???????????
? 7? ?????????? 35
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? 7.6 ???????????? (??? 2)
? 7? ?????????? 39
7.7 ??
? Similar-string crossover???
?? 7.3? HV????????? 1(Similar-string croosver???? Inter-string crossover
??)?????????????????????????????????? HV???
???????????????????????????? 7.5????????????
?????????????????????????
????????????????????????????????????????
1 ???????????????
2 ???????????????
3 ??? (???)???????????????????????????????
??
??????????????????????????????????????????
??????????????????????????????????????????
??????????????????????????????????????????
???Inter-string crossover????????????????? 1,2??????????
?????????????? Similar-string crossover????????????????
???? 0?????????????????????????????????????
??? 2??????????????????????????????????????
?????????????????????? Similar-string crossover????????
?????????
??????????????????
???????????????????????????????????????? 2?
??????????????????????????????????????????
???????????????
? 7.6?????????????? (????) > ?? (????????) > ?????
? (????)??????????????????? (????????) > ?? (????
) > ?????? (????????) ????????????????????????
??????????????????????????????????????????
?????? (????)??????????? (????????)???????????
??????????????????????????????????????????
??????????????????????????????????????????
? 7? ?????????? 40
???????? 2?????????????????????????????????
??????????????????????????????????????????
????????????????????????????????
?????????????????
?? 7.3,7.4??????????????????? HV?????????? 1????
??????????? 2 ?????????????????????????????
????????????????????????GA ???????????????
??????????????????????????????????????????
??????????????????????????????????????????
??????????????????????????????????????????
?????????????????????????????????????????
???????????????????????????????????Similar-string
crossover?????????????????????????????????????
????????
41
? 8?
???????????????
8.1 ??
???????????????5.3????????????????????????
??????????????????????????????????????????
??? w1 ??????????????????????????
8.2 ????
6?????? Mandl??????????????????????????????
?????????????????????????????????????????
(??????)????????????????????????????????7??
?????????
8.3 ????
?????? 8.4 ????????????????????????????????
Partha ??????????????? (? 8.4 ? 1)?w1 ????????? (? 8.4 ?
2,7)????????? (? 8.4? 3,8)??????????? (? 8.4? 4,5,6,9,10,11)??
???????????????Similar-string crossover ???????????????
????????????????????? Inter-string crossover????? (? 8.4? 1
?5)? Similar-string crossover????? (? 8.4? 6?10)??????????????
????????????? Intra-string crossover???????????
? 8? ??????????????? 42
? 8.1 ????
????????? ???? wlower wupper
1 Partha?? Inter-string crossover - -
2 ???? Inter-string crossover 0.7 0.7
3 ???? Inter-string crossover 0.6 0.8
4 ???? Inter-string crossover 0.1 1.0
5 ???? Inter-string crossover 0.1 2.0
6 ???? Inter-string crossover 0.1 3.0
7 ???? Similar-string crossover 0.7 0.7
8 ???? Similar-string crossover 0.6 0.8
9 ???? Similar-string crossover 0.1 1.0
10 ???? Similar-string crossover 0.1 2.0
11 ???? Similar-string crossover 0.1 3.0
? 8.2 ?????
???? 100
????? 100
w1 0.7
??? 1.0
????? 0.05
8.4 ?????
????????? 8.4???????????????????????? 100?? 100
?????????????????
8.5 ????
?????????????????????????????????????????
???????? (HV) ??????HV?????? Appendix1???????????
????HV??????????????????????
? 8? ??????????????? 43
8.6 ??
????? HV?????????? 8.1?? 8.2?????????????? HV? 20
???????????????????????????? 8.2?? 8.1?? Partha??
????????????????????????????????????????w1 ?
????????? HV????????? w1 ?????????????????? HV
?????????????Similar-string crossover???? w1 ????????????
?????????? HV?????????????
? 8.3?8.7????? !1 ? 0.7?0.6?0.8?0.1?1.0?0.1?2.0?0.1?3.0????????
???????????????????? 8.8????????????????????
????????????????? Z???????????????????
? 8.9?? 8.10?????????????????????????????????
??????????????????
? 8? ??????????????? 44
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? 8.1 ????????? HV
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? 8.2 ????????? HV(Partha?????)
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? 8.3 !1 = 0:7?????????
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? 8.4 !1 = 0:6?0:8?????????
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? 8.5 !1 = 0:1?1:0?????????
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? 8.6 !1 = 0:1?2:0?????????
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? 8.7 !1 = 0:1?3:0?????????
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? 8.11 ????????????
8.7 ??
???????????????????
?? 8.11?????????????????????????????????????
???????????????????Partha???????????????????
?????????????????????????????? HV??????? 8.1?
? Partha?????????????????????????????????????
??????????????????????????????????????????
?????????????????????????????? w1 = 0:1?2:0?????
??????????????????????????????????????????
???????????
? !1 ??????????????
? w1 ???????????????? 5??????????????????????
??????w1 ? 0.7???????? HV???????? 8.3?8.8?????????
???????????????????????????????????????? w1
???????????????????? 8.4?8.7?? (1)??????????????
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??????(2)??????????????????????(2)???? !1 ?????
???????????????????????????????????!1 ?????
??????????????????????????????????????????
??!1 ???????????????????? !1 = 0:1??????????????
??? !1 ?????????????????????????????????????
???????????????????????!1 ?????????????????
????????????????
?????????
??????????? (? 8.9)??????? (? 7.1)????????????????
??????????? 5-7?????????????????????????????
?????????????????????????? (? 8.10)???????????
??????????? 0,1,2,5,7,9??????????????????????????
??????? 3,11,10,12,13????????????????????????????
?????? (???)???????????????????????????????
??? (?????????)????????????????????????????
????
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? 9?
?????????
9.1 ??
?????????????????????????????????????????
?????????????????????????????????????
9.2 ????
6?????? Mandl??????????????????????????????
?????????????????????????????????????????
(??????)????????????????????????????????7??
?????????
9.3 ????
?????? 9.3??????????????? Inter-string crossover(???? Similar-
string crossover)?Intra-string crossover???????????????????? 50??
???? 50???????? Partha???????????
9.4 ?????
???????????????????? 9.4???????
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? 9.1 ???
?????????? ???? ???? ?????
1 Partha?? Inter-string crossover 100 100
2 ???? !1 = 0:7 Inter-string crossover 100 100
3 ???? !1 = 0:1?2:0 Similar-string crossover 100 100
4 ???? !1 = 0:1?2:0 Similar-string crossover 50 100
5 ???? !1 = 0:1?2:0 Similar-string crossover 100 50
6 ???? !1 = 0:1?2:0 Similar-string crossover 50 50
? 9.2 ?????
w1 0.7
??? 1.0
????? 0.05
9.5 ????
?????????????????????????????????????????
???????? (HV) ??????HV?????? Appendix1???????????
????HV??????????????????????
9.6 ??
????? HV?????????? 9.7, 9.2, 9.3?????????????? HV?
20 ????????????????????? 9.2 ?? 9.7 ????????? 9.3 ??
9.2 ????????????? 9.3 ???? Similar-crossover(???? 100) ?????
??? 50 ???? HV ?????????????????????? Partha ????
?????????????????????????? Similar-crossover???????
Inter-strin crossover??????????????? 50% ?????????????
9.7 ??
? Partha???????????????????????????????? 50% ??
????????????????????? 25% ???????????????????
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? 10?
???????
10.1 ??????
????????????????? (1)??????????????????????
? (2)???????????????????????????????????????
?????????????????????????????????????????
????????????????????????????????(i)????????
??????????????(ii)??????????????????????????
Similar-string crossover ??????????????????????????????
??????Mandl????????????????????????????????
?????????????????????????????????? Partha????
????????????????????????????????(1)Partha?????
??????????????????????????????????????????
????? 2??????????????????(2)????????????????
?????????????????????????????????????????
????????????????(3)Similar-string crossover?????????????
???????????????????????????? 50% ???????????
????????? Partha?????????25% ??????????????????
??(3)??????????????????????????????????????
???????????????????????????
????????????????????????????????????????
????????????????????????????????????????
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10.2 ?????
???????????????(1)????????????????????????
??????????????????????????????????????????
??????(2) ????????????????????????????(3)????
????? (???????????????)????????????????????
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?????????????????????????????????????????
??????????????????????????????????????????
??????????????????????????????????????????
?????????????????????????????????????????
??????????????????????????????????????????
??????????????????????????????????????
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?? A
NSGA-II
????????????????????????????????????????
Non-Dominated Sorting Genetic Algorithm (NSGA-II) ?????NSGA-II ? NSGA ?
??????????? Deb,Agrawal ????? 2001 ????????????????
??????????????????????????????????????????
????????????????????????????????
A.1 ?????????
NSGA-II ??????????????????? Pt ?????? (???????)?
????????????????? Qt ? 2 ?????????????????????
?????????? t ??????? Pt ?????????????Pt ????????
????Qt ?????????Qt ? Pt ??????? Rt = Pt [Qt ??????????
2N ??????? Rt ????? N ????????Pt+1 ??????????????
?? 1???????????????????????NSGA-II???????????
???
Step 1 ?????????????? Rt = Rt [Qt ??????Rt ??????????
???????????????????????????Fi; i = 1; 2; ::; etc:
Step 2 ????? Pt+1 = ?????? i = 1????jPt+1j+ jFij < N ???????
Pt+1 = Pt+1 [ Fi ? i = i+ 1????
Step 3 ???????Crowding-sort???????????????????N   jPt+1j
?? Pt+1 ?????
Step 4 Pt+1??????????????????????????????????Qt+1
??????
?? A NSGA-II 62
? A.1 NSGA-II?????
? A.2 ??????
NSGA-II???? Pt ???????????????????? Pt ????? Qt ???
??????? Rt ??? N ??????????????? Pt+1 ???????????
Pt ????????? A.1????
A.2 ?????
A.2.1 ??????
???NSGA-II ????????????????????????? NSGA-II ???
??????????????????????????????????????????
???????????????????????????????????????? A.2
????
?? A NSGA-II 63
? A.3 ???????
A.2.2 ???????????
????????????Crowded Tournament Selection Operator? ???????r?
?????????????Fr? ??????????????????????????
??? 2 ???????????????????????????????? i ?????
? 2 ??????????????????????????i,j ????????????
????
1. ??????????????irank?
2. ?????????????idistance?
??????????????i ? j ? 2???????????????????????
??????i ? j ????????? ??????
1. ?? i????????? j ???????????? :?irank < jrank?
2. ?? i ? j ?????????????i ?????? j ???????? :?
irank = jrank?and?iistance > jdistance?
?? A NSGA-II 64
A.2.3 ????
?????Crowding Distance???????? i??????????????????
??????????????????????????????????????????
??????????????????????????????????????????
A.3??????????????????????????????
Step 1 ???? F ???????????? l ?????:l = vertF j?????????
????????? i ????????????:di = 0?
Step 2 ?????m = 1; 2; :::;M ???????????????????????:Im =
sort?fm; > ?.
Step 3 ????? m = 1; 2; :::;M ????, ????????? m??????????
?? ?????????????????????: dIm1 = dIml =1 ???????
??????????j = 2; :::; l?1? ?????????????????????
dImj = d
m
j +
f
Imj+1
m   f I
m
j 1
m
fmaxm   fminm
(A.1)
A.3 ????
??????????????????????????????????????????
?????????????????????Norm?Maximum Spread?Hyper V olume
??????
A.3.1 Norm
Norm??????????????????????????????????????
?????????????????????????????????????????
Norm =
PjQj
i=1
qPm
j=1 fj(xi)
2
jQj (A.2)
????jQj ? ????m ????????? A.4 ?????????????????
???
?? A NSGA-II 65
=  



Q
2
1
)(∑
=
m
j ijf x
? A.4 Norm




Q
? A.5 MS
HV
 r =  



Q
? A.6 ????????? HV
HV
 r = 




Q
? A.7 ????????? HV
A.3.2 Maximum Spread (MS)
Maximum Spread ???????????????????????????????
??????????????????????????????????
Maximum Spread =
vuut mX
j=1
(
jQj
max
i=1
fj(xi) 
jQj
min
i=1
fj(xi))2 (A.3)
????jQj?????m????????? A.5?????MS????????????
?? A NSGA-II 66
A.3.3 Hyper Volume
Hyper V olume??????????????????????????????????
??????????????????????????????????????????
??? m?????????????????????????????????????
??????????????????? A.6??????? HV???????? A.7?
?????? HV?????????
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?? B
???????????
B.1 ??
?????????????????????????????????????????
????????1965???????????????????????????????
??????????????????????????????????????????
??????????????????????????????????????????
? 1???????????????????????????????
B.2 ??????
?????????????????????????????????????????
?????? n???m?????????????? (n+ 1) (m+ 1) ???????
????????? O(nm)????
?????????????
 1????????????????????????????????????1?
????????????? 1??????????????????????
 ?? 0 ??????? x ???????? x ???
? 2????????????????????????
??????? lenStr1 ???? str1 ????? lenStr2 ? ??? Str2 ??????
??????? d?????????????
?? B ??????????? 68
Algorithm 1 Calculate d
Require: lenStr1 > 0 _ lenStr2 > 0
Ensure: d
==lenStr1 + 1? lenStr2 + 1?????? d?????
declare int d[0:lenStr1; 0:lenStr2]
==str1? str2???????? i1? i2?????
declare int i1; i2; cost
for i1 ( 0 to lenStr1 do
d[i1; 0]( i1
end for
for i2 ( 0 to lenStr2 do
d[0; i2]( i1
end for
for i1 ( 1 to lenStr1 do
for i2 ( 1 to lenStr2 do
if str1[i1]( str2[i2] then
cost( 0
else
cost( 1
end if
d[i1; i2]( minimum(
d[i1   1; i2] + 1; ==?????
d[i1; i2   1] + 1; ==?????
d[i1   1; i2   1] + cost ==?????
)
end for
end for
d( [lenStr1; lenStr2]
